High efficiency thermoelectric modules are of great interest for power generation applications where hot side temperatures of approximately 800K exist. The fabrication of such modules requires a multidisciplinary effort for the optimization of the material compositions, the engineering of the module systems, modeling and fabrication of the devices, and constant feedback from characterization. Pb-Sb-Ag-Te (LAST) and Pb-Sb-Ag-Sn-Te (LASTT) compounds are among the best known materials for this temperature range. Modeling of these materials and possible cascaded structures shows efficiencies of 14% can be achieved for low resistance contacts. Using antimony we have achieved contact resistivities less than 20 µΩ·cm 2 . Here we give a detailed presentation on the procedures used in the fabrication of thermoelectric generators based on these new materials. We also present the characterization systems and measurements on these generators.
INTRODUCTION
Various nanostructured materials are actively being investigated as possible high efficiency thermoelectric materials [1, 2, 3, 4] . The results have shown very low thermal conductivity materials can be fabricated, without significantly degrading the power factor. Several of these efforts are utilizing thin film techniques resulting in highly ordered samples with ZT's as high as 3 at 550K [1] .
Bulk samples in the AgPb m SbTe 2+m and Ag(Pb 1-x Sn x ) m SbTe 2+m families of materials have been found to exhibit high figure of merits near 700K [5, 6, 7] . Through microscopy studies, endotaxial nanostructures were identified which are believed to result from a spinodal decomposition during the cooling phase of crystallization. Such nanostructures may be responsible for an enhanced phonon scattering without significant degradation of the power factor [8] . Further evaluations of these materials toward the fabrication of thermoelectric generators are reported in this manuscript.
EXPERIMENTAL DETAILS
We have developed a state of the art transport characterization laboratory at Michigan State University for the study of thermoelectric materials. The systems developed include a low temperature cryostat for the simultaneous measurements of electrical conductivity, thermoelectric power, and thermal conductivity from 77K to 400K, a system for the simultaneous measurements of electrical conductivity and thermoelectric power from 300K to 700K, and a tube furnace based measurement system for the simultaneous measurements of electrical conductivity and thermoelectric power from 300K to 1000K. We have also fabricated a room temperature scanning probe system for electrical conductivity, and contact resistance measurements. More recently we have developed a ZT meter that utilizes impedance spectroscopy measurements of the samples and/or modules [9] . Using these measurement systems we have characterized many bulk samples in the AgPb m SbTe 2+m and Ag(Pb 1-x Sn x ) m SbTe 2+m systems with typical results shown in Figures 1 and 2 below. As a secondary measurement technique, we have developed a ZT meter system for measuring the frequency dependent impedance of a sample and/or module [9] . This is an impedance spectroscopy version of Harman's modified ZT meter [10] , such that the ZT of the sample can be determined simply by the ratio of the magnitude of the impedance at the low frequency and high frequency limits as: 
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CONTACTS
Low resistance electrical contacts are of great interest for the fabrication of high efficiency devices and it is desired to obtain contacts that are less than 10% of the module resistance. For investigating electrical contacts, metals were vacuum deposited on the samples after plasma etching of the sample surfaces, and contact resistivities were determined using the transmission line model. A rapid thermal bonding technique was also investigated for several contacts as indicated in Table 1 . Voltage scans across the rapid thermal bonded contacts were taken to determine the contact resistance as shown in Figure 5 . A recent upgrade to this system provides a 50µm step size for the voltage scan. Figure 5b) shows an interesting result of a low resistance contact between Bi 2 Te 3 and LASTT. Using the iterative modeling technique [11] , modules made from segmented Bi 2 Te 3 to LAST(T) legs are expected to achieve up to 14% efficiency. This result is based on typical properties for the 100g ingots, a hot side temperature of 800K, cold side temperature of 300K, a junction temperature of 450K, and negligible contact resistance. 
MODULES
Thermoelectric modules were fabricated using a diffusion bonding process between indium coated nickel interconnects and the LAST, and LASTT legs. The bonding process was done under flowing argon and included raising the temperature to 625ºC for 10 minutes then allowing the system to cool. The cold side junctions were form using a low melting point solder [12] . The resistance of the four leg module (see inset in Figure 7 ) was measured using a rapid current flipping technique and gave a module resistance of 17.8mΩ. This corresponds to an average contact resistivity of approximately 160µΩ·cm 2 and a total contact resistance contribution of about 5.2mΩ (30% of the total module resistance). To include the contact resistance effects, the modeling by Cobble was used [13] . The agreement between the expected efficiency and output power versus load resistance was very good as shown in Figure 6 . 2 . Four leg modules made from LAST and LASTT materials were constructed and tested. Contact resistances for these modules were approximately 30% of the total module resistance, and modeling results were in very good agreement with the measured efficiency and output power as a function of load resistance. Future improvements in contact resistances are expected to yield module efficiencies of 10% or more.
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